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Aquarius Mission OverviewAquarius Mission Overview

 Aquarius is a focused satellite mission to Aquarius is a focused satellite mission to 
measure global Sea Surface Salinity (SSS). 

 Scientific progress is limited because Scientific progress is limited because 
conventional in situ SSS sampling is too sparse 
to give the global view of salinity variability that 
only a satellite can provide. 

 Aquarius/SAC-D is a space mission developed 
by NASA and the Space Agency of Argentina, 
CONAE.
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Surface Sea Salinity (SSS) 
from Aquariusfrom Aquarius

3



Aquarius Mission
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Key Thermal Requirement: y
Reflector Temperature Monitoring

 Temperature sensors shall be placed on the 
reflector structure such that the temperature of 
the reflector’s front surface in the vicinity ofthe reflector s front surface in the vicinity of 
the sensor can be determined to an accuracy 
of +/-3°C

 Reflector average front surface temperature 
knowledge will be used along with knowledge 
of the reflector front surface emissivity vs. 
temperature to compensate for energy emitted 
by the reflector in the L band (1 4 GHz)
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by the reflector in the L-band (1.4 GHz)



Spacecraft OverviewSpacecraft Overview
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Aquarius Reflector
Front shell

Ribs and 
backing 
structurestructure

View of View of 
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Reflector Front Reflector Rear 
(MLI not shown)



Reflector Front Shell 
H b P l C t tiHoneycomb Panel Construction

0.01” (0.25 mm)
G hit /C t E tGraphite/Cyanate Ester 
Facesheets

0.25” (6.4 mm) Kevlar Core

VDA and White Paint on front surface

8



How Do We Measure Reflector 
S rface Temperat re?Surface Temperature?

 PRT selected for temperature sensor PRT selected for temperature sensor
– Pros: Good accuracy with individual 

calibration curvecalibration curve
– Cons: Heavy, Requires shielding (additional 

mass) 
 Location options

– Reflector front facesheet, front surface,
– Reflector front facesheet, rear surface
– Reflector rear facesheet
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Location OptionsLocation Options

Bad for science

PRT

Bad for science 
mission

PRT

Requires delicate 
honeycombPRT honeycomb 
removal

PRT

Option selected:
R f h t
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Rear facesheet



PRT on Rear Facesheet IssuesPRT on Rear Facesheet Issues
 We want to measure the front facesheet 

temperaturetemperature
 PRT is separated from the front facesheet by the 

Kevlar honeycomb y
– Low thermal conductivity of honeycomb creates ΔT 

between PRT and front facesheet
– Delta T can be as high as 10°CDelta T can be as high as 10 C 

 PRT and associated wires and shielding are 
relatively massive as compared to the 
lightweight honeycomb panellightweight honeycomb panel
– Induces time-lag in PRT temperature response

 How do we compensate for the ΔT and time-lag?
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 How do we compensate for the ΔT and time lag?
– Test and analysis



PRT Panel Thermal TestPRT Panel Thermal Test
 Representative honeycomb panel p y p

manufactured using flight-like materials 
and processes

 PRT mounted to rear of panel using 
flight-like materials and processes

 Panel tested in ASL’s thermal vacuum 
chamber

 Test data used to validate thermal model
 Thermal model used to develop
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 Thermal model used to develop 
compensation method



Reflector SchematicReflector Schematic

MLI Blanket

Solar, Earth IR Radiated
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Test Setup Schematic
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Top view

Test Panel

Cold shroud base plate (not cooled)

4 G10 standoffsG10 plate
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ASL Thermal Vacuum Chamber
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Test Panel in Chamber
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Instrumented Test PanelInstrumented Test Panel
PRT Installation
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In Chamber Rear FacesheetT/C



Test ProcedureTest Procedure

 Shrouds cooled Shrouds cooled
 Heater plate turned on
 2 steady state conditions then transient 

condition run 
 Heater plate turned off – temperatures 

allowed to cool to -55°C
 Heater plate cycled on and off to simulate 

reflector coming into and out of Sun
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Test Temperature ProfileTest Temperature Profile
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Thermal Model Correlation
 Thermal model built of chamber and test panel

– SINDA/3D– SINDA/3D
– TSS

 Model run for test conditions
– Heater plate and shroud temperatures input into 

model
 Test panel temperatures compared to test data Test panel temperatures compared to test data

– Good correlation achieved
 Minor model modifications

– Heater panel height changed from 8” to 7.87” (20.3 
cm to 20.0 cm)

– Additional conductance added to represent 24 gauge 
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Model Correlation: Panel FrontModel Correlation: Panel Front

CH41 + model N662
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Model Correlation: PRT
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Model Correlation: 
Panel Front-Rear ΔTPanel Front-Rear ΔT

Panel F-R DT1Panel F R DT1
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Compensation Method
 During on-station operation, we will have access to the PRT 

measurements
 We need to develop a method that takes the PRT readings 

d t th t f t f h t t tand converts them to front facesheet temperatures
 One way to do this is to use the PRT measurements along 

with the 1st and 2nd time derivatives according to the 
equation:equation:

TC =  TM +  K1*dTM/dt  +  K2*d2TM/dt2

 Where:
– TC = Compensated PRT Temperature (°C) 
– TM = Measured PRT Temperature (°C)
– dTM /dt = First derivative of the measured PRT temperature with respect to time 

(°C/second)
– d2TM /dt2 = Second derivative of the measured PRT temperature with respect to
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d TM /dt  Second derivative of the measured PRT temperature with respect to 
time (°C/second2)

– K1 and K2 are constants with units of seconds and seconds2 respectively



PRT DT/dt Comparison: Goodp
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PRT D2T/dt2 Comparison: Good2 p
PRT  d2T/dt2 
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How do we determine the accuracy 
of the compensation method?

 Constants K1 and K2 determined to give good Constants K1 and K2 determined to give good 
front facesheet temperatures based on PRT 
readings during test
D t i h ti th d k f Determine how compensation method works for 
operational conditions
– Detailed panel thermal model integrated with full 

fl t d ft th l d lreflector and spacecraft thermal model 
– Integrated model run for a variety of operational 

conditions
– PRT temperatures (from model) compared to 

corresponding front facesheet temperatures (from 
model) to determine method accuracy
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Operational Conditions Used For 
Compensation Method EvaluationCompensation Method Evaluation

Orbital Condition 
Name

Beta Angle
(degrees)

BOL / EOL Hot / Cold 
Environmental 

Constants 
U dUsed

(1) B58p5HotEOL 58.5 EOL Hot

(2) B58p5ColdBOL 58.5 BOL Cold(2) B58p5ColdBOL 58.5 BOL Cold
(3) B70HotEOL 70 EOL Hot
(4) B80HotEOL 80 EOL Hot
(5) B90HotEOL 90 EOL Hot
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Reflector Positions Used to 
Study PRT CompensationStudy PRT Compensation 

Method
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Front Surface Average Temperature 
Knowledge Error: B58p5HotEOLKnowledge Error: B58p5HotEOL

B58.5 HotEOL: PRT Average Error Over 8 Locations
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Front Surface Average Temperature 
Knowledge Error: B70HotEOLKnowledge Error: B70HotEOL

B70 Hot EOL: PRT Average Error Over 8 Locations
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Front Surface Average Temperature 
Knowledge Error: B90HotEOLKnowledge Error: B90HotEOL

B80 Hot EOL: PRT Average Error Over 8 Locationsg

4

0

2

eg
. C

-2

D
e

-4
0 1000 2000 3000 4000 5000 6000

32

Time (sec)



ConclusionsConclusions

The Aquarius reflector will have PRTs The Aquarius reflector will have PRTs 
mounted to the rear facesheet of the front 
shellshell

 A thermal test was performed to study the 
i d d b th ti th derror induced by the mounting method

 A method has been developed to use the 
PRT readings to calculate the reflector 
front facesheet temperature within 3°C
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